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This contract supports research to test the hypothesis - that the
movement of water and salts across the epithelial membrane of the -A

intestine depends imo& only on the properties of the cellular membranes
... " but also on the structural properties of the cytoplasm of the cells.

-.
Current theories ascribe al.l controls of cellular transport of water
and salts to passive diffusion and specialized enzymes, pores, and
channels at the cell membrane. Classical interpretation allows no role
for t'he cytopla-Limic components of. the cells in regulation or control of
transport. Scattered exper.ime~ntal evidence produced in the 1970's,
however, suggests that the disruption of the microtubule and microfilament
network of the cytoplasm can have an effect on the rate and direction of
transport. This proposal is in the process of testing the idea that
the cytoskeleton plays a role along with water to regulate transport.
For this purpose the intestinal-epithelturm has been chosen as a membrane
through which large anounts of sodium and water pass. This work is part
of a coordinated effort among three labs to study this phenomenum in
vivo in perfuLsed rat intestine., in vitro on stripped intestinal mucosa
in Ussing chambers, and in isolated intestinal. enterocytes. Preliminary

data produced by this team has already res~ited in the acceptance of
a role for cytoplasmic proteins in the electrical properties of the
intestinal epithelium.

YEAR 1
•.l

In Year I the proposal, is scheduled to address the proper procedures
for the isolation of intestinal enterocytes in a viable state for
subsequent transport studies in which the effects of cytoskeletal dis-
rupting drugs will be tested.

1. Progress on perfusion of rat intestine in vivo: Before experiments
to isolate enterocytes can begin base line parameters for the normal
operation of the cells in the intact intestine must be determined.
In collaboration with Dr. Cassidy, I have performed a sample of
these experiments proving that -.ytochalasin B which disrupts actin
filaments in cells does indeed reduce water and salt transport across
the epithelium. I am continuing these experiments.

A
Me t hod o lIoKgy
(a) L-15 medium: Because of its abillty to sustain isolated epithelial.

cells in tissue culture and our preliminary experiments on
isolation (section 3) we wish to use b-15 cul ture medium for
the cell. experiments. We must know how this effects transport
in vivo.
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1. . t has been determined that tile magnitude of water
.,transport in normal, intestine is greater with L"15 9
than with a balanced buffered salt solution.

2. Tt -is---pos-s-ib-le-tha t- -t he-v~ar-i e.t~y-.o-f -amino ..addc nL1

stimul~ate transport.

Data
"r (b) Effects of Cytochalasin B onl transport in vivo Experiments

were done In which thle intestine Is first perfused with L-15
containing C-11176 as a volume marker. Absorption at rormal
levels was demonstrated. Then L-15, ('C-IPE6) was perfusedI
tlVough'the intestine containing cytochalasin B at doses ofj

10 to iO00 nig/ml. All doses caused secretion as predicted by
the hypothesis:
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(c) Effects of Coichicine on transport in vivo: Experiments were
done in which the intestine was perfused for control. absorption
and then with L-15 containing coichicine, a drug which disrupts
microtubUle polymnerizat ion. -
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P dose dependont response was seen f or 0. 5-2. 5 mM coichicine.
Secret'ion occuirred as predicted by Lhe hypothesis but to
a le'sser exteLit tliinf with much lower, doses of CB3. Return
to normal. L1.l5 wns able to slowly reactivate absorption over
1 hour.

-- {)Tombifnwii'dil 6f C3adci61chicine:.Experiments were done
In which intestine was perfUSed with L-15 to establish

contro -boption levels, and then with L-IS containing
20 mg/mi CB and 2.4 nmM colchicine. Initially secretion was
seen and then after 30 minutes, secretion ceased.

S ec-re± 'av

30 oo a

No return to absorption was noted upon perfusion with L-15
containing no drugs. The combined effects of thle drugs are
not reversible.

Reiuults
(e) All of the above experiments meet the pred ictions of thle

hiypothes is that cytoskel1etal proteins maY play a role in
transport In thle intestine. 'Piese uxperiments are proceeding
and will probably be published in 1.982.

2. Projress on the Development of a Method for the Isolation of Viable
Rat Enter~ocytes:

Thle experiments proposed in this project require large amounts of
viable functioning cells from the surface of the small intestine.
While methods had bee.n dlevelope fo h Ia o feterocyt ts
these procedures produced cells tha-t showed signs of morphological

and biochemical da,,mage. Experiments to determine the proper temp~eratuire
thle best IsolIat ion medium, and thle oxygen tensio curmnso
the cells. These results are summarized in TIable 1T.
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TABLE 11

Viability of Rat Enterocytes

*-Conditions of .ISolaL ion. % Cells Excludin-g Trypan
Blue

L-15 Tissue Culture MediumA
bubbled with 95% oxygen-

5%/ CO (with or without 90%

secumi

L-15.plus oxygen (preincubated with
*trypsin enzyme 1 hour) 80-90%

L-15 plus oxygen (preinctibated with
0.05% collagenase fuir 1 1/2 hours) 70-80%

L-15 NO oxygen_ 5 0- 70%.1-

Buffer and 0.05% hlyaluronidase 20%

Balanced salt solution and ED'TA 10-20% I

Ringers Lactate 10-20% A

Concusins: 1. ~ilanid Salt solutilons previously usedfothI

-sl~o o7ZUchick oterL7Z777II oL oo for
mnamlmalIian elitLerocy I L5

2. L-1 5 tissue culLu're medium which was designed to
support colon and breast epithulial cells rvds
additional nut rients needed by these mamnmal ian cells.

3. Tile inlclusion of oxygen dramatically Increases short *
These results were presented at tile FASEB spring meet in~gS 1981. In thle
same session were several people who had been at temptinog to isolate
Mamalian eriterocytes witl littleI success. All are going to try L--15, all

ýAagreed that salt solu~t ions are not suffCicilent . In add it ion a fter these
results were publ ished another paper came out in Ep ithei(--lal, Transport of
Water and Ions, 14. Armstrong ed. 1981, extolling tile virtues of L-15
Culture medium for transport studies.

4. 1 will use L-15, plus oxygen at 25'oC for my isolations.



VOW 5 -...

3. Examination of HuimanlColonCellI L In e as Poteýntial Mod0el Systems:
Because a great dTeal of water and( sal.L are readsorbed In the colon
the cells that line this organ might be of interest in the study also.
In collaboration with Dr. L.P. Rutzky, of the University of Texas
Medical School, Houtston, I have examined tile water and ion,.cont~ent
and th e N?, R t rel1 xatlton times of a number" f f.~em d.-cncru

-- -... u~ma-n colon cell. lines. The results of the study are summiarized
in Table 1.

Cell Line (n) Passage D)ivision Tj I % Water
14o. Time-hrs (msec) (msec)

Adult NBV (2) 12 24 1214!t46 207±7 92.3±0.4
Adult NBM (3) 13 214 109 191t3 91.410.4
Fetal HS0677 (2) 20 20 1058t13 221±3 90.6!0.4
Fetal Hs0074 (2) 27 22 1106,24 163+23 ....

CANCER COLON CELLS

LS 180 (5) 41 24 643i6() 119t12 85.5!2.41
LS174T (6) 37 20 744Q16 121!3 86.6±0.5
Clone 3-5 (6) 93 19 663465 127!11 89.7±1.9
Clone 6-6 (7) 60s 2 716139 114±10 86.4±1.2
HT 29 (7) 140 12 6W+~21 108!74
S14 480 (4) 614 39 98219 176#6 90.1,1.4
S14 1345 (6) 55 51. 4601.45 8.3 i6 83.6±-1.8

Conclusions: Th e normal cellIs will not continue to grow after a limited
number of cell divisions in culture. T1his will make it difficult to
obtain sufficient numbers of cells to test thel hypothesis. However enough
cells could be obtain to test thle effects, oif thle drugs in a complementary
experiment t6 tile freshIly isolnted small intestine cells. The morphological
di fferences amoting the cancer cells make i t un1likel, that they can be used
as a model for transportinug cel]ls. However some invest Igators at UT
Mied ical School are -;Ing an isol ated epithel La] cell from thle kidney grown

j onl millipore fillers to undertake transport Studies. These cultured colts

may be a better model system.



...... Significant Achievement of Year 1

1.) The laboratory for the contract was set up In new department at
Bayloc College of Medicine after return from Wanshington.

2.) Methods for in vivo perfb91i6n,*and I-sola-tion..of int~ajt.inal enterocytes
were developed.I

3.) Experiments in the in vivo perfusion system showed that cytochalasin
B and colchicine as cytoskeletal disrupting agents both caused secretion
as predicted by the main hypothesis.

4.) Model systems of human colon cells were tested and may be used in
experiments.

5.) Five major publications were published in Year 1.

Plans for Year 2

1.) Experiments on in vivo perfusion with cytochalasin ban coichicine
will be completed and pUblished as background for conclusions on
isolated enterocytes. All1 predictions of the hvpothesis have held
up so far, so some additional experiments may be conducted on other

cytoskeletal disrupting agents.

2.) The in vivo model may be used to test drugs which will prevent
secretion and restore normal function in secreting intestine. One
such drug is "taxol" a newly di scovered apent that causes rapid
driving of polymerivation of inicrotubule proteins.

3.) Sodium and water fluxes in isolated enterocytes ;4111-be measured
and conditions for short term maintenance determined.

4.) Sodium and water fluxes in isolated enterocytes will Iýe detarminedA
in the presence of cytochalasin B and coichicino.

Ink
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.. membrane. Al-

Classical interpretation allows no role for the cytoplasmic components .of the

celsinreuatonorcflro o ranpo. Sctee exerimental evidence
I~~~~~o then rc n ro

prouce inthe 1970's, however, suggests that the dibruption ofthe micro-
Oct~r ofthis prtoposl -t c' n e pcaw e c ontifle

the idea that the cytoakeleton plays a role along with water to regulate
tranot. q o hs ups the inAtestinal epithelium has been chosen as a
membrane through which large amounts of sodium and water pass. This work is
part of a coordinated effort among three-lab-t to study this phenotnenum in

vivo in perfused rat filtestifne, in vitro on stripped Intestinal. mucosa In
Ussi-;ng chambers, and in isolated inte'stinal enterocytes. Preliminary data

produced by this team has. airea~ly resulted in the acceptance of a role for L 4

cytoplasmic proteins in the electrical properties of the i~ntestinal epithelium,

In Year 1, of this contract the following significailt findings have been made:

1) cytochalasin B, an actin depoiymerizirng drug, c~auses the onset of a sec-
etory state in rat intestine at doses fromi 10-100 mg/mi, 2) coichicine, aA
microtubule disrupting drug, caused secretion at doses of 0.5-2.5 mM, hut to q
a lesser extent than CB, 3) effects of CBI and coichicine are reversible,
4) combinations of GB and coichicine initiate secretion but then stop all
secretion and absorption within I hir. These findings are consistent with
the hypothesis that cytoskeletal proteins play a role in transport.

Tn Year 2, experiment~s are planned to test the hypothesis in isolated
Intestinal entecrucvtes.

4
L. .A

SWURTYCASIFC~iN F ks AGLft" ef afo1W



......... 

. ....

4 ~OFFICE OF' NAVAL ME8EACH
BIOLOGICAL SCI=CE DIVISION
B1OPHYSICS ?MOQMM, code 4~4.

Number of Copies

(13) Administrator, Wsfense Documentation Center
Cameron Station
Alexand•ia, Virginia 22314

(6) Director, Naval Research Laboratory
Attention: Technical Information Diveision
Code 26T7
"Washington, D. C. 20375

(6) Office of Naval Research
Attention: Code 1021P (ONRL DOC)
800 N. Quincy Street
Arlington, Virginia 22217

(3) Office of Naval Research
Biophysics Program
Code 444
Arlington, Virginia 22217

S(i) Commandingl Officer

Naval Medical Research and Development Command
National Naval Medical Center
Bethesda, Maryland 20014

Chief, Bureau of Medicine and Surgery
Department of the Navy
Washington, D. C. 20375 I

-- • (2) Technical Reference LibraryNaval Medical Research Institute
National Naval Medical Center
Bethesda, Maryland 20014

(') Office of Naval Research Branch Office
Building 114, Section D
05666 Suner Street
Boston, Massachusetts 02210

S(i) Office of Naval Research Branch Office
536 South Clark Street
Chicago, Illinois 60605

-N- 64.- ... - ... . . .. .... .- •- . . "_ _ .• , i• - : • . .:.: . -< 7



0 (1) Office of 1H&via Res archi Branch afic
1030 East Green Street
puass~enal Calif.ornaia 9106,i-F (i)Co~mding Officer
Sava. Medeica e2 isearch Uni~t No0.2
Box 14
APO San Francisco 96263

(1) Commanding OfficerI. Naval M~edical Reeaerch Unit 110 3
FPO R1ev York 09527

Officer ieneaChag
Submarine Medical ReerhLaborator?.
Naval Submarine Base, New London
Groton, Connecticut 06342I (1)Scientific Library
Naval Aerospace Mled~ical3 Research Institute A
Naval Aerospace Medica.1 Center
Pensacola, Florida 32512

Cl) Commanding Officer4
Na.val Air Development Center
Attn: Aerospace Medical Research Department
Warm~inster, Pennsyl~vania 18974

(i) DIRECTOR
Naval Bioisciences Laboratory -
Building 844
Naveal Supply Center
Oa.c.snd, California 94625

(1) Commander, Army Research Office
P. 0. Box 12211
Research Triangle Park
North Carolina 27709

(1) DIRECTORATE OF LIFE SCIENCES
Air Force Office of Scientific Research
Bolling Air Force Base

Wceshington, D). C. 20332

(i) Commanding General]Armr Medical Research and Development (ComazdForrestal BuildizgWashington, D. C. 20314

-2-

. .- . . .



U ... .........

S. (i) Department of the Army
U. S. Army Ocience and

Technology Center - Far East
APO San Francisco 96328(a) Assistant Chief for Technology 0
Office Or Naval Research, Code 200
800 N. Quincy Street
Arlington, Virginia 22217

-3-


